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Abstract: By analyzing the electronic noise sources of shot noise photodetector based on the I.-C coupled
transimpedance amplifier circuit, the effect of the parasitic capacitance of the utilized inductance on the
electronic noise was theoretically investigated and experimentally validated. The result shows that the
parasitic capacitance of the inductor may increase the electronic noise of the detector via increasing the
input voltage noise gain of the transimpedance amplifier. Given that the total inductance of the I.-C circuit
is 1 mH, the contribution to the electronic noise of choosing two series inductor with 0. 5 mH each is
much smaller than that of choosing a single inductor with 1mH. Furthermore, the higher the self
resonant frequency of the inductor is, the smaller the parasitic capacitance and thus the smaller the
electronic noise will be. The experiment results show that, at the analyzing frequency of 2. 5 MHz, the
electronic noise reduction of the two inductors in series with inductance of two 0. 5 mH and resonance
frequency of 6 MHz can reach up to 3 dB, compared to that using a single 1 mH inductor with the
resonance frequency of 1. 6 MHz. Under a certain incident optical power, the signal-to-noise ratio of the
detector can be thus improved effectively.

Key words: Detector; Electronic noise; Parasite capacitance of inductor; Shot noise detector; Self-

resonant frequency; L.-C combination circuit; Transimpedance amplifier

HEETH . BHFE A RE:E4 (Nos. 91336108, 11273024, 91636101, Y133ZK1101) | 2l #B* FH 4E 4 A A7 32 H:3H %135 H (No. 4l 5
[2013]33 5 . v B B} 2% g B F 2 & F ol 350 R o [ R 27 B i TR Bl 2 JSPF S8 35T H (No. QYZDB-SSWSLHO007) ¥t Bf
E—1EE . TOBA989—) B 054, EEHFS Iy 17 g ik T 0F A [ 4. Email: 354498497 @qq. com
Sl (EWAESE)  # AT (1977 —) . 0 B A, REFSE Ry i F A B A 25, Email: dongruifang@ntsc. ac. cn
Wi AR 2017-01-22; B AHA.2017- 03— 31
http : // www . photon . ac. cn

0704001-1



P RS

OCIS Codes: 040.5570; 040.53503 270.5570; 270. 55853 270. 6570
0 3|8

T b R A i T AR TS R BRI O SE N Dl 3 s A e A BRI L ol A R
FOARBERE I 12 B P05 230 4RI A G R A I A B AT A () 04 R B L T L B PR A B AT B
F14 R B R 75 R . 2 A S O 378 380 0K R 75 A3 BRI IR AR 75 03 30 R R 2 M 7 ) 3 ) L (R A 4 U
i O 5 W L (CSNRO . Ay 86 AR v, 27 W 75 0 k7 S 50T 00 e 94 4 R P 1900 52 I, S SR N0 225 1) £ M L 7 10 dB
DA s 7 Rl S ORI 88 1) PR 2 R PR . SRR b A PR I EG AR T O e B B RES Y —
R bR 1 G IR AT I B Y TR A AR L DA R AT RE R AR 5 A R T MR L AR (IR L

BT B GUARA (bR B LG rh P 5 O AN A A I S v HIORE M 7R R B D' R N
PR YL L S R T L 3 T A 3™ R AR T I S 1 3l 2 e BV L R T L-C RS s BEL IS L I B HORE
MR P PR 48 46 T VAL L 0 R S WAL P U 43 ) JRCKC e S T L VA L B X R MR R R A A A RO L 4R T R
o 1) 20 285 W) IO 90 1R 8092 I T T 1 ol S . HIORE R A R 45 R e e T SRR L B ROR =
PR R A O L AR AR R B DA S B e O LI . R O R A R A D' F R A 0 LR (DC) FTAZ
T CAC) PR 3. DC HL L AR 38 30 AR A - T 8 A S 3 1 5 5. ACHE B 57 BHL B K ri 6 2 A
R i 0 Py SROGT I I 3 B RIORE M P L T B LA R R S I R D R R R o R A Y
W L o[]S WD H A BB SRR P R AR B9 AC A DC 3l 25 R 7 9 [ AE % 6 2 B 1O SR Y

PR A5 B0 B 272 W7 3 By G F AR Y 1 MR R R i 4 R 2 I R R A 2 . A L-C R
5 BHL 32 R B A T S HORE MR A B R L Rty T O R A AR A R I LG A A PR R B A A
FEL 25 455 S TR & B35 1A RBORE ISR 75 {5 5 AR 2 5 W Pl 2 MR P i 8. R 8 o T 2 MR R SR 1 F B T R A A ED
i P S8 AT Sy T DA — s R A R U 25 0 F 2 R R R PSR R WSR2 A A AT AR AR L
B AL A KR AT BELIZ T r A H P MR 0 £ DT AR AR R 5 1 o 2 R R T 1 R R
LA G L R ASOR BRI . ARSI T L-C R F b R R L A AR A A PRI 4 rE T e R 1 B
W o %o L-C A F B o 0 F R A e R BIDSR T A I 7 A i 1 IR T 5 ) R Sk AR B IR B L R R
PR TR LA R0 AR B BEL 328 I L 5 ) i A L S R 7 6 BT o R 25 BEL 3 R 3% 19 F 7 2 R s

1 RUF[EFERE D

T 15 BRSO HL B 0l i A T LA AR R0 — A WL WA R D't F U 4 e 15 L SR 35 e 480 10Tt vl T B 1 24
IO TR B HORL MR 7 AR BRI A L 1R S ok B 3 1 HBORE M PRI H JAD ¢ HBORE M R HG % o R SRR
Islxol ’ ED

Ishot: V qud (1)
I,=PXp 2

A g M AL L BRI P RARCIIR. p JEOtH TS A R U, BIORL RS R SRR
eshm’ED
eshm:Isth ‘Zx‘ (3)

. R,
Zs:Rr//(l/me(/[):m

AL Z, R SRR L B B 38 25 PR L R, JE R BEL L Cr S IR B AL AR, f SR AT R
SR S B H R T 52 0 L A A I F U L R 5 H B B MR TR PCB 2% 5L 2 LK B T A MR S AR S L
25 B 22 i th e BR TR S MR TR 25 B 24 W HL T AR MR R (5 S BT L-C RE A B LR H I A HIOR R 7 PR
T 5 e g AR AL A A 1 TR, T RE e AR R R L SRR T AR SR A R L BRI AR 0 M R
FL B L T 2 M RIS R 0 L 2 M A O 3 0 4L, 1T R
Cnoise = v/ €tp T+ €0y (5)
PIN S o AR PN FE 24 MR 75 epp G456 + 45 Fi BEL 19 2 0 75 0 16 Fi, 0 787 v 7 6 1) % P 3 T -5 3550 ) B AL

0704001~ 2

€Y)



D EE L AF L-C RE S I X HORE MR A PRI 5 HL T 27 R P ) 52 T

M. 5 E O THE AT LB N R LR Lo enn AT LAZRR N

€pp — /%‘_'_quk X ‘Z\ ‘ (6)

Ao K=1.38X10° J/K R BER 2K 2 8 &, T Ron 4 0F TAE IR, Z, 2 15 B0 o 6 1) 38 25 BEL 90, (W)
A (.

JBCR 28 0 L T2 W 75 e, T BEALEE =B 2001, 40 B A TR R 28 ) A 75 e o FR IO 85 140 0 A P J7C T 75
S A PR I 7 43 ) 7 A B MR TR e BT e

TR i 4 A 75 T LA 3R OR Ry

€roR = %x | Z, | (7N
FH IR 28 A5 A FL IR S Lo ™ AR M P A D e
e =1 X | Z. | (8)
FH R 25 B AL RS e 7 2 I IR PR 1Y enoe N
b= X | Z, (9
TR A AL R RS 3 25 2, RO R
L:@ZZ (10)

Hov Zy S OR L BS Z BT R BELAT . R oR
1

Zy= 1 . 1 an
7+27’C1f(cd+cm)+m
o G R A ki A 2 LA JE R AL AN 22 B A B R L Co DB AR I AE LA R
PN B ARAE . Z0 2 AR SRR L. AT LR B O TR A 5 FR A RIOR 2 A4 A PR A 2 R A R
FEME P e 7= A2 R U 4. i T L-C MBS L P B0 A JRROC F A8 S 00 B 14 1 8 A T sl 9 i A7 7 5T 3R AR
P TR B G A R S B AR R (N 1 R AR P L R VL R Co 43 53RN S AL B B LB L r
R AL AR ) Z, TR

7= 1 (12)
2nifL TR, T2 fC
[
e
=
_-l Rr €nor
Ll .
L CI in
T o
i
™) (¢ R [] -
I
oo CDACD ’ ¢, O] cn—|_
=J I +
RI)C

H1 ETLCHBABEHERABBENFEEFRMNBNE FTHEFHAE

Fig.1 Noise model of shot noise detector with L-C coupling and transimpedance amplifier circuit
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